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Finnish-Type Aspartyiglucosaminuria Detected by Oligonucleotide Ligation Assay 

Claire M. I>eUhtiiity»'*' Wcndty Ankroer/ Sanh Bralnerd** Debonh A, Nkkmoo,' and Ilkka T. Mancmen* 



Aspartylgtyoosamtnuria (AQU) to a reoessivety Inherited 
lysoBomal storage disease that occurs with much highor 
frequency In Rnland than elsewhere. AQU is caused tyy a 
dendeocy fn gtyoosytaspnaglnase (OA), which results In 
the aocurmilatlon of Qtyooasparaglnes In tysosoines. In 
the Rnntsh population* a single nucleotide change In the 
gene encoding OA *s responsible for me dtoease. We 
have used the oltgditudeotide tlgaUin assay (OLA) to 
detect the mutation In polymerase chain reaction (PGR)- 
amplified ONA samples from normal, carrier, and affected 
IndMduato. Screening fry AQU anrmg 415 random Rnn- 
toh DMA samples with PGR/OLA revealed five carriers of 
the mutant alMe and demons tr a te d thi^ potential of the 
method for use in canler screening. PCFJOLA provides a 
rapidi reOabie, nonisotopic method to detect the mutation 
responsible frx AQU that can readily be applied to large 
population screening. 

Aqpar^WycoBaminuria CAGU) is an autoaomal reces- 
sive difloider cfaaractoized by aerious pq^cliomoto^ 
dation.^ II arises from the accumulation of aspart^glu- 
ffwaminft as a result of incomplete catabolism of 
aqxaragine-linked ^lyooproteins in lyBoaomee (1, 2). Tbe 
incklenoe of this disease outside Finland is very low but in 
northern and eastern Finland it is ertimated to affect 
between 1 in 4000 and 1 in 7000 indhriduala, with acarriCT 
rate of 1 in 30 to 1 in 80 (3» 4). Individuals with AGU 
appear to develop normally in the first few years but un- 
dergo progrefwive plq^Bical and neurological deteiioratton 
after age 5. AGU is otrrent^ diagnosed dther by assaying 
ficr aqiert^dghioosamine exacted in urine (5) or by defect- 
ing a deficiency in ^tyooeodasparaginase (GA) uc^ivity in 
cell extracts (S) or serum (7). However, neither of these 
tests is suitable for carrier detection of AGU. 

A number of molecular defects underlying AGU have 
been described (for leferenoes see 2), Two single-base 
changes in the gene coding for GA have been found to be 
oommon to all Finnish AGU patients, and eadi results in 
the generation of a new endonudease restriction site as 
well as an amino acid substitution in the em^yme {8^ 9), 
The G C transvmion, which leads to C!ys(103) Ser 
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substitution, results in a deficiency of GA activity (9). 
This mutation generates an ficoRI restriction site that 
can be detected by Southmi transfOT of genomic DNA (9» 
10), or in po^merase chain reaction (PCR)-anq;dified 
DNA samples by restriction endonudease digestion iS, 
9\ allele-spedfic oligonucleotide hybridixation {8\ or 
miniseq[uendng ill). Althou^ rapid, these techniques 
are not convenient fbr general pc^yulation scnwiiing be- 
cause rad ioi sotopes or electrophorasis is rscjuirM, steps 
that are not easify amenable to automation and high 
throughput 

Here we report the detection of both single-base 
ch/jiges associated with Finnish*type AGU with an au- 
t nated, nonisotopic strategy that combines amplifica* 
tion of target genomic DNA segments by PGR with the 
discrimination of sequence variants in the anqilified 
DNA products by a oolorimetric oligonucleotide ligation 
assay (OLA) (12, 13). OLA takes ^vantage of the abO- 
ity of DNA ligases to oovalent|y join a4iaoent nucleo- 
tides only when they perfectly complement a single- 
stranded DNA template. The OLA indudes three 
oligonucleotides: two 5'-biotiqylated allete-epecific 
probes with identical sequences except for the 3' nucle- 
otide, which varies to con^)lemCTt each of the possible 
template sequence variants, and one 3'^Ugoadgenin-la- 
beled reporter probe, n^iidi lies direct^ a4)aoeiit to the 
allele-spedfic diagnostic probes. In the assay one of the 
allele-^iecifie probes aixl a reporter probe are mixed and 
allowed to hybridise to an amplified DNA template. If 
there is perfect complementarity bet w een probes and 
target, the probes are covalent|y joined by DNA ligase. 
A single nudeotide mismatch b etween these probes pre- 
dudes ligation. Fig. 1 shows an OLA scheme in which 
normal template DNA is probed for the polymorphism 
responsible for AGU. In reaction 1, the biotiiiylated 
probe that omnplements normal template is mixed with 
the reporter probe and template DNA; in reaction 2, the 
biotiiiylated probe that complements the mutant DNA 
is mixed with the reporter probe and ten^date DNA. 
After ligation the 5'*biotinylated probe is c^rtured on 
immobilized stic^ytavidin, and unligated reporter probes ^ 
are washed away. The Reactions are then ana^md for^ 
the presence of a oovalently linked reporter probe by 
using an EUSA for digoorigenin. In this example, reac- 
tion 1 would give a coloi<xl signal "indicating a positive 
ligation event, whereas reactior: ^ would give no color, 
indicating that no ligation occurred be tw een probes. 

Mstsftals and Methods 

Synthesis of oligonucleotides. Oligonudeotides used 
for PGR amplification and for the OLA were synthesized 
on an Applied Bio^ystems (Foster City, CA) 38QA DNA 
ssmthesizer fay using standard phosphoramidite chemis- 
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Rq. 1. OLA Mhema for de- 
tactmg the 0 C transver- 
MimsponsM lor AOU: 
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tiy Alleb-qwdficfmAmwero modified with a 6' 
group as pm^tously deecribed (14) and ptri^ 
v«ned-pbaBe HPLC. After drying, the oUgonucleotldei 
wera iwoDStttutad with water to a eoneoitntto 
^ iff w y r^ RgMffter probee were c hemicflR y mo diflw l with 
6' phoiidiate^N (Clontadi, Palo Alto, GA) and then 
lebdad with dl}TP*digQsi0Bnin (Boahringer Man^ 

Biochemifflla, IndimwpoHi, IN) according to the ma w> 
fitfturer^ dinctiona. The reaction ia cos^late after 1-12 

h at 87*0. The en^rma ia inactivated by heating the 
leoction miztim to 65*€ for 15 min, and 80 /iL of wat er 
iB added to give a final coneentation <rf5 lunol/L. 

DMA temgAtte antpUfieatim. Genomic DNA was ito- 
lated from peri^ml blood by the aodbnn dodecgd Sid- 



TheDNAtenqflato waa amplified with primeri 6' TO- 
TAGCICACTTAAQATO 8' and 5' OCAOTAGCTCTC- 
CATCCT 8', aa piwioudy described (9). Reaetiona in- 
vohed SO ng of genomic DMA, 100 pmdl of eadi 
an^lificatkm primer, 400 >iniol/L of eadi of the four deoK- 
ymideotide triphoaphatea, 0.1 U of Taq polymerase, and 
ix PCBbuffer [10 mmol/L Tris-HCi tpH 8.3), 50 mmd/L 
KCl lA nmxd/L BfgClsl in a total vohmie of 20 |iL. 
Tbennal cyding was perfonned in mi^^ 
thermal cyder (Erioomp, San Diego, CA> prog ramm ed 
for an initial 4-min denattiration step at fiSt'C fo1l«9wed 1^ 
. atemperatun6tepcydeof93V(30s),55*C(46s),and 
TVC (90 s). A total of 40 Qwiea were performed, witha 
final extension step at 7Z C for 5 min. 

Ligation assays. Ligation reactions were assembled 
for eads allele. The composition of the reaction mixture 
was: lOx ligase buflisr {!K0 mmol/L Trie, 100 mmol/L 
BfgCU, 10 mmol/L dithiothreitol), 200 mL/L; 10 mmol/L 
NAD\ 200 mlVL; 1 mol/L KCI. 26 mlVL; 1 mIJi Triton 
X*100 inHsO, 675 mlVL. For each 300 itL of this reao- 
tion, 6 pmol of the awiropriate diagnostic oligmudeo- 
tide, 6 pmol of the reporter oligonudeotide, and 0.3 /tL of 
thermostable ligase (6000 kU/L; Epicentre, Madison, 
WD were added. Amplified template was diluted 1:10 
with 10 mUL Triton in water, and 10 mL of diluted 
template was mixed with 10 of ligation mixtures for 
eadi allele. The reactions were placed in the thermocy- 
der and heated: 93^ for 30 s, 68XJ for 2 min ( 10 times). 
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After cyding, reactions were stc^sped with 10 iaL of 
Triton X-IOO/EDTA aohition (0.1 mol/L EDTA in 1 
mlVL Triton X-100 in HaO). The reaction mixture in ita 
entirety was transferred to a stwptavidin-ooated, bo- 
vine serum albumin-blocked mlcrotiter plate and the 
product was allowed to accumulate for 230 min. The 
praeence of a ooralentJbr Ib^ Importer prdw ^ 
tected by using an EUSA for the digoxigenin reporter. 

ReMdU 

As a modd for the detection of the sequence varia- 
tions associated with the Knniah-type AGU, OLA was 
performed on 24 sanq>lea of known gmo^(S) (8 nor- 
mal 8 carrier, 8 diaeaae) and on 415 Finnish DNA 
samples of unknown genotype. OLA results from the 
known sasqdes an in Fig. 2, whidi shows three of the 
poesible outcomes for DNA filing by OLA: Normal in- 
dividuals 1-6 are honmygous for allele 1 and therefore 
give a positive signal for the normal allele Kabaorbanoe 
reading at 490 nm of 1.39&-2.112) and a negative signal 
for the mutant allde 2 (absorbanoe reading of *0.033- 

0.020); individuals 9-16 are heteroqrffcms and show a 
positive signal for both alldes; and the affected individ- 
uals 17-24 are homoiygous for the mutant allele 2 and 
giva a positive signal for allele 2 and a negativG gignal 
for the normal allele 1. A fourth possibility, negative 
results for both allelea, usual^ indicates a fisdlure du^ 
ing PGR amplification. The simple positiveAiiegBtive for- 
mat of this readout and the high signal/noise ratios 
(10:1-200:1) allow r^ geno^iying either visuaUy or 
by automaticaUy calculating the ratio of the abaorbanoe 
for eadi allele in the ligation assay with a simple com- 
puter program (13). Geno^iringof 416 random Finnish 
DNA samples by OLA identified five carriers of the G 
C transversion. These same samples also displayed the 
mutant allele for the neutral G -» A transition, a mu- 
tation that results in an Arg(161) Ghi substitution 
and a novd restriction site for I>cieL Ndtiter of theoo 
mutant alleles was found in any of the normal samples. 
Restriction en^e digestion of PCRpamplified DNA (9) 
was used to verify the results of OLA. £ooRI digestion of 
DNA from the five heteroiygDUS individuals produced 
the ftill-Iength 4304yp product as well as a 23&bp firag- 




Rq. 2. AmpOTtd DNA twgtti from 24 btood Mmpto a nayyigd by 
OlA iof tfw prM9no9 of ths O ^ C trwvwlon* wMch csusos ttw 
Cyt(1 63) -» to changt mponsIM tor F hn tiM ypt AQU. 

Aomiil MMduili, MniplM »-f0ftom oirrtM of tfw FMi^^ 

ment and a 1954yp fragment rendting fhmi deav^ 
the £eoRI die creaced by the O C mutation. Ddel 
(UgBition milted in four bands: 282-bp and 148-bp 
fragments due to a restriction site in Uie 3' intron and 
two additional fragmmts at 191 bp and 91 bp Jue to the 
restriction site created by the G -» A mutation. 

UgBticm reactifflis pnyvide highty q»cific and sensitive 
asssys wdl suited for the detection of the sequence varia- 
tions that lead to the Finnish^type AOU. When used to 
asssy 416 random Finnish DNA samplm, OLA detected 
five eanriess of AGU. This indicBtes a carrier rate of 1:83, 
which falli within the rsn^D predicted by studies of the 
frequency of the disease in the Finnish population (3, 4). 
OLA has several advantages over other diagnnstir meth- 
ods tar wideepread carrier screening. Coupled with PGR, 
the asssy requires oafy a small quantity of DNA, obtain- 
able fttmi noninvasive sources suA as buccal ecrqdngs or 
urina The reagents used in the OLA are stable said non- 
isotopie and are easily lynthesizedL yielding > 10^ assi^ 
from one t^mthMds of the oligomtcleotide reagents. Since 
the OLA involves a sin^ set of asssy conditions for the 
detection of any poltymorfAiism, screening for AGU alleles 
can easier be combined with pc^iulation screeolug for aziy 
numberof other genetic diseases. Unlike many methods 
fbr analyzing PCIframplified tai^ets, OLA does not in- 
chide an electrophoretae step to determine DNA fragment 
size but rather probes fbr internal ONA sequences and is 
therefore unaffected fay the formation of spurious amplifi- 
cation products. Most significant^, since the entire asssy 
is performed in micntiter weUs, and since the results of 
tLi asssy can be directly interpreted by a computer, 
screening by OLA is easily automated. With autonuttion, 
there is no need for highbr skilled technical labor, and 
> 1200 ligation assays per day can be processed by a sinfde 
technician and a robotic workstation. 

Automated analysis of the AGU mutations hy PGR/ 
OLA could dearly facilitate screening for at-risk mem- 



bers of families or general corner screening in Finnish 
populations. This ^Ttem is rapid, sensitive, and has a 
high throughput, which may increase with the develop- 
ment of higlter<fensity formats for immobilizing ONA 
Furthermore, with advances in the use of multiple non- 
isot<^ie reporter groups (i5), it m^y be possible to mul- 
tiplex the detection of the Finnish-type AGU alleles 
with detection of mutations rnusing other diseftses com- 
mon in the population so that several sites can be ana- 
lyzed simultaneously in a single microtiter welL 

This rsMSRh hss bera lupportsd by psiits fron the AcsdeiBy of 
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